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Abstract 
As the fundamental and leading industry for national economic and social development, the development of transportation 
industry determines the trend of economic development, and reflects the cyclical changes of national economy. Freight, as the 
basis of transportation industry, is closely related to GDP development. This article analyzes the intrinsic relationship between
comprehensive transportation freighting index and GDP for early detection of extremely hot or cold development problems in 
transportation, which not only help us with a better known of macroeconomic trend in the country, but also provide the basis for
risk warning of transportation industry. Analysis results show that, the volume of freight traffic and freight turnover of China are 
positively correlated with GDP. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Since the establishment of new China, especially after the reform and opening up, the transportation 
infrastructure has grown continually with the economic and social development, as well as the freight capacity and 
freight volume. The relation between freight traffic and social economy are increasingly close. Since different 
freight development stage corresponding to different stage of economic development, it is of great practical 
significance to research the relationship between economy and transportation [1,2] . In recent years, many domestic 
* Corresponding author: Tel.:+1-584-659-8208 
E-mail address: zxlt0905@163.com 
 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology
572   Yuee Gao et al. /  Procedia Engineering  137 ( 2016 )  571 – 580 
and foreign scholars have researched the relationship between transportation and economic development, but most 
of them are qualitative research [3], some minority quantitative researches are limited to the short-term dynamic 
estimation [5]. It is lack of research on the long-run equilibrium state, and there are few studies on integrated 
transport system [6]. This research analyzes the historical data in 1978-2014, to reveal the intrinsic relationship 
between freight and GDP in China. 
2. Economic characteristics of China freight 
With the development of economy and society, the transportation plays more and more important role in national 
economy. It has become an important service industry. The China freight has the following economic characteristics: 
(1) Diversity. Cargo owner, goods class, transmission range, space layout, and transport quality are varied. 
(2) Derivation. Freight is derived by the demand of economic and social activity, which is depend on production, 
living, consumption and other purpose needs. 
(3) Timeliness. That is, the transport efficiency of goods. Freight must be charring within a certain time and place 
in one direction, which can not be saved and exclusive used. 
(4) Imbalance. There is an imbalance of freight in time and space, which is reflected in: resource distribution, 
regional economic development level, allocation of productive force, transportation network layout, etc. 
(5) Antecedence. In the early stage of economic development, the growth rate of freight traffic was higher than 
that of economy, so the transportation is the weak link in national economic development. The growth rates of both 
are gradually closer to each other with the continuous development of social economy. In mature stage of economic 
development, the growth rate of freight volume will slow down, and it will be lower than the growth rate of the 
national economy. 
(6) Substitutability. It includes the substitutability between various modes of transport, and that of non-transport 
mode. 
3. History of China freight 
Since the establishment of China for 65 years, China's transportation infrastructure construction has been 
improving constantly, as well as the traffic volume. Especially, the transport of goods has made a leaps and bounds 
development. 
3.1. From the founding of China to the reform and opening-up 
In 1949, China’s had total transport routes mileage of 176,200 km and completed 187 million tons of freight. 
After the development for eight years, the transport mileage increased to 604,200 km at 1958 and the freight 
increase reached 1.324 billion tons, exceeded 6.08 times with 10 million tons [4]. 
3.2. From the reform and open-up to 1995 
Since the reform and opening up, China had accelerated the transportation investment. Total transportation route 
mileage in 1995 reached 1.3472 million kilometres, which made a breakthrough of 10 billion tons of freight and 
reached 12.349 billion tons with almost 7 times increase [7]. 
3.3. Since 1995 to current 
In 2006 transport route mileage was 3,705,600 km and had a breakthrough of 20 billion tons of freight, which 
reached 20.371 billion tons. 4 years later, 2010 transport route mileage was 4,302,100 km and had a breakthrough of 
30 billion tons of freight, which reached 32.418 billion tons and increased 0.59 time. 2012 transport route mileage 
was 4,551,700 km and had a breakthrough of 40 billion tons of freight, which reached 41.004 billion tons and had 
increased 3.1 times than 2000 with the average increase rate of 10.56% [8]. 
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Fig. 1 Freight Traffic 
Fig. 2 Growth Rate of Freight Traffic 
At the same time, China's transportation freight turnover is also growing up. In 1949, freight turnover of the 
whole society was 25.785 billion ton-km. After five years of development in 1954, it exceeded 10 billion ton-km, 
which reached 121.284 billion ton-km and had an increase of 3.70 times. In 1979, freight turnover of the whole 
society exceeded 1 trillion ton-km, which reached 1.101365 trillion ton-km and had an increase of 7.08 times. Then, 
after seven years of development, in 1986, freight turnover of the whole society exceeded 2 trillion ton-km, which 
reached 2.014749 trillion ton-km and had an increase of 0.83 time. After that breakthrough, in 1993, freight turnover 
of the whole society exceeded 3 trillion ton-km, which reached 3.064681 trillion ton-km and had an increase of 0.52 
time. And when it went to 1999, freight turnover of the whole society exceeded 4 trillion ton-km, which reached 
4.05678 trillion ton-km and had an increase of 0.32 time. At 2004, freight turnover of the whole society exceeded 6 
trillion ton-km, which reached 6.9445 trillion ton-km and had an increase of 0.71 time. One year later, freight 
turnover of the whole society exceeded 8 trillion ton-km, which reached 8.02581 trillion ton-km and had an increase 
of 0.16 time. At 2007, that exceeded 10 trillion ton-km, which reached 10.141881 trillion ton-km and had an 
increase of 0.26 time. Last year at 2014, that also had a new breakthrough that exceeded 18 trillion ton-km, which 
reached 18.073648 trillion ton-km and had an increase of 0.78 time [9]. 
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Fig. 3 Turnover of Freight Traffic 
Fig. 4 Growth Rate of Turnover of Freight Traffic 
4. Freight influencing factors analysis 
The development process of China's freight is closely related to the stage of China's economic development. 
Determine the influencing factors according to the actual situation of transportation freight market, combining with 
theory basis and long-term working experience. The influencing factors include internal factors and external factors 
of the transportation system (Table.1): Internal factors of the system include the supply ability of various (size of 
road, railway, civil aviation, water transport and pipeline, new investment in fixed assets, the level of technology 
and equipment), the output of various transportation modes (transport capacity and transport volume, transport 
prices, transportation service level) and other factors [10]. The external factors are the national economic and social 
development level, economic structure, industrial structure, population resources environment, the policy system 
and public interest factors [11]. With the rapid development of economy, demand for freight is booming, freight and 
GDP is most closely related. This paper mainly studies the relationship between GDP and freight transportation. 
5. Relationship between freight volume, freight turnover and GDP 
5.1. Development of China’s GDP 
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Table 1. Freight Traffic Influencing Factors 
Level-one index Level-two index Level-three index 
Internal factor 
Supply capacity 
Size of road, railway, civil aviation,  
water transport and pipeline 
New investment in fixed assets 
Level of technology and equipment 
Output ability 
Transport capacity and transport volume 
Transport prices 
Transportation service level 
External factor 
National economic and  
social development level 
GDP, per capita GDP 
Economic structure 
Proportion of primary industry,  
secondary industry and tertiary industry 
Industrial structure Value of import and export 
Population resources environment Population, land area 
Policy system Policy of price and operation 
Public factors Key materials, national defense 
Fig. 5 Gross Domestic Product 
China's transportation freight volume growth benefits from the rapid development of China's economic. Since the 
reform and opening up, the development strategy of "taking economic construction as the centre" has promoted the 
rapid development of China's economy. The economy continues to achieve a qualitative leap. In 2000, China's total 
GDP exceeded 10 trillion Yuan, an increase of 6.5 times compared with 1978, an average annual increase of 9.6%; 
in 2010 China's GDP growth reached 10.4%, the total reached 40.3 trillion Yuan, about twice of the GDP of 2000, 
surpassed Japan to become the world's second largest economy. The total GDP in 2012 exceeded 50 trillion Yuan, 
reached 51.89 trillion Yuan. The total GDP in 2014 exceeded 60 trillion Yuan, reached 63.65 trillion Yuan.
5.2. The relationship analysis of freight traffic index and GDP 
5.2.1 The relationship analysis of the whole society freight volume and GDP 
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1( , , , , )j mQ Q GDP Y T Y " " (1)
In which, 
Q - The cargo demand of transportation;  
GDP - Gross domestic product;  
jY - Other factors except the GDP, for example: PPI, CPI, PMI and so on, 1,2, ,j m " .
This paper analyzes the relationship of freight and the most critical economic factor GDP. 
(1) The relationship between the whole society freight volume and GDP 
After calculated, the mean of the elasticity coefficient of Chinese freight volume is 0.79 from 1979 to 2014, and 
the arc elasticity is 0.93, almost all of them are less than 1. From fig.6, fig.7 and fig.8, we can conclude that the 
growth of GDP is earlier than the growth of freight volume, therefore the growth of freight volume is driven by 
GDP. 
Fig. 6 Trend of GDP and Freight Volume 
Fig. 7 Growth Rate of GDP and Freight Volume 
From the figure above, we can conclude that the relationship of freight traffic and GDP is linear relationship 
basically. Then we can make linear regression and the regression result is as follows: 
669074.419 6.134FT GDP  (2)
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From the regression residuals, we can conclude that the points of residual plot is distributed on both sides of the 
upper and lower 0-axis, the regression result is obvious. 
Freight and GDP is strongly positive correlated by the calculation of correlation coefficient of them. Overall, 
when the economy grows rapidly, the freight volume grows rapidly too; when the economic austerity, the growth 
rate of freight volume is slower. 
(2) The relationship analysis of the whole society freight turnover and GDP 
If calculated with constant prices, GDP in 2014 is 27.3 times more than 1978, the average growth rate is 9.5%, 
and freight turnover in 2014 is 18.2 times more than 1978, the average growth rate is 8.6%. According to the 
relationship of freight turnover and GDP, from the figure of growth rate, we can conclude that the growth of GDP is 
earlier than the growth of freight turnover, therefore the growth of turnover is driven by GDP. 
Fig. 8 Elasticity Ratio of Freight Volume                                Fig. 9 Scatter plot of Freight Volume and GDP 
Fig. 10 Freight Volume Regression Residuals 
After calculated, the mean of the elasticity coefficient of freight turnover is 0.92 from 1979 to 2014, and the arc 
elasticity is 0.96, almost all of them are less than 1. Make linear regression after we get the logarithmic of freight 
turnover and GDP, and the scatter plot is as follows: 
578   Yuee Gao et al. /  Procedia Engineering  137 ( 2016 )  571 – 580 
Fig. 11 Trend of GDP and Freight Turnover                             Fig. 12 Growth Rate of GDP and Freight Turnover 
Fig. 13 Elasticity Ratio of Freight Turnover 
Fig. 14 Scatter plot of Freight Turnover and GDP                  Fig. 15 Freight Turnover Regression Residuals 
From figure 14, we can conclude that the relationship of the logarithmic of turnover and the logarithmic of GDP 
is linear relationship basically, too. The regression result is as follows: 
ln( ) 2.138 0.523ln( )TFT GDP  (3)
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From the figure in figure 15, we can conclude that the points of residual plot is distributed on both sides of the 
upper and lower 0-axis, the regression result is obvious. 
The calculation of correlation coefficient of freight turnover and GDP indicates they are strongly positive 
correlated. Overall, when the economy grows rapidly, the freight turnover increases sharply; when the economic 
austerity, the growth rate of freight turnover is slower. 
Table.2 Correlation Coefficients of Transportation Modes 
Transportation Modes Correlation coefficient 
Railways 
Freight Traffic 0.991 
Freight Turnover 0.981 
Highways 
Freight Traffic 0.975 
Freight Turnover 0.929 
Waterways 
Freight Traffic 0.985 
Freight Turnover 0.987 
Civil Aviation 
Freight Traffic 0.993 
Freight Turnover 0.990 
Pipelines
Freight Traffic 0.982 
Freight Turnover 0.945 
5.2.2 The relationship between GDP and freight of various transportation modes 
According to the front analysis of the relationship between the total social freight and GDP, we can do further 
analysis of the relationship between freight of various transportation modes and GDP. The correlation analyses of  
them are presented in Table.2. 
Changes in the structure of Chinese transportation related to the economy in different degree. 37 years of reform 
and opening up make various transportation modes rapidly developed, but because of the different attention degree 
as well as varying reform process, in the whole, civil aviation, railway freight have strong relevance with GDP. 
Table.3 Correlation Coefficients of Stages 
Transportation Modes 1978-1994 1994-2014 
Railways 
Freight Traffic 0.964 0.986 
Freight Turnover 0.976 0.980 
Highways 
Freight Traffic 0.908 0.979 
Freight Turnover 0.955 0.946 
Waterways 
Freight Traffic 0.945 0.987 
Freight Turnover 0.986 0.971 
Civil Aviation 
Freight Traffic 0.988 0.984 
Freight Turnover 0.988 0.982 
Pipelines
Freight Traffic 0.809 0.995 
Freight Turnover 0.757 0.981 
580   Yuee Gao et al. /  Procedia Engineering  137 ( 2016 )  571 – 580 
5.2.3 The relationship between GDP and the stages of freight 
According to the front analysis of the relationship between the whole societies, the modes of transportation with 
GDP, we further analyze the relationship between stages of various transportation modes and GDP in Table.3. 
Overall, the economic and social foundations that the different stages of transportation developments rely on are 
not the same, the correlation of freight and GDP are not, either. According to the relationship between Chinese 
freight turnover and GDP, the correlation of 1995-2014 is stronger than that of 1978-1994 [12]. Mainly because of 
the development of society and economy, the traffic infrastructure supply continues to improve, so the freight can 
reflect the economic and social development better. 
6. Conclusion 
The freight demand of comprehensive transportation is derivative demand, and the level of the demand depends 
on the level of social and economic development [13]. The relationship between freight and GDP is: 
(1) Correlation: Empirical evidence shows that, there is a positive correlation between the development of freight 
transport and GDP in China. In the long run, both of freight and freight turnover respectively present equilibrium 
steady relationship with GDP. 
(2) Structural: The correlation degree between transportation structure changes in transport and Chinese national 
economy is different. In 37 years of reform and opening up, the civil aviation, railway freight index and GDP has 
greater correlation. 
(3) Stage: During the different stages, the correlation between freight index and GDP is different. Seen from the 
relationship of freight turnover and GDP, the stage of 1978 to 1995 presents less correlation than the stage of 1995 
to now. Mainly because of the development in economy and society, as well as improvement transportation 
infrastructure, the effect of comprehensive freight index is more prominent when reflects the status of economic and 
social development. 
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